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Using a shielded Gelger tube in the Explorer VII

satellite there has bean conducted a ca_prehe_slve geo_phlc

survey of the intensity of charged particles in the latitude

range + 50,5 °, in the altitude range 550 to II00 _, and over

the sixteen m_th time period October IS, 1959 _o February 17,

1961. It has been found possible to identify a_d eliminate

contributions by gecmagnetically trapped particles and thuc

to obtain the absolute intensity of primary galactic cosmic

ray_ and their charged particle secondaries (albedo) produced

in the atnosphere° Specific results are as foll_s:

(a) The counting rate data fram both Northera and Southern

Hemi_)heres emd over a c_siderable ramge of icmgitudes are

represented in a simple and coherent n_nner as a function of

a single imrameter_ the McIlwsin _aGnetlc shell parsmeter L.

(b) The counting rate increases monotonically with increas-

ing L and has an accurately constant value for L > 2.9.

(c) The high latitude knee of the counting rate vs L curve

occurs at L = 2.6 (c¢_respo_ding to the invarlant latitude 52 °)

and is indlscernibly different in the Northern and Southern

Hemi si_heres.

(d) The absOlUte umnldirectional intensity is

o.% (_ sec)'1at the _zuator _ 2.0 (_ sec)'zat h_

latitudes, the ratio being 3.6.

(e) At high latitudes, the intensity increases by the factor

1.04_ + 0.045 during the sixteen month period.

(f) In terms of the Quenby-Wenk vertical cut-off rigidity

R in BV 3 the total Qmnidirectica_l intensity

Jo (> a) = _.3 _-o.83_+o.oz (_n2_ec)-1_ 3 _ _ _ _2 _v

and Jo = 2.0 (cm2 sec) "I for R _ 1.7 BV.
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I_TR_ON

The extensive data from the shielded 112 Gei6ar tube

cn Explorer VII over a period of seventeen months have been

used to study the latitude dependence of cosmic ray intensity

in a much mote comprehensive way than has been possible

heretofore. Moreover, the observations have been made above

the appreciable atmosphere, in both Northern and Southern

Hemispheres and over a wide ramie of lomgitudes. The present

study uses about 5000 data points frc_ over 2000 passes.

The earliest systematic surveys of commlc ray intensity

over the _urface of the earth were made by Millikan and Neher

_U_mn, 1933; HiU/kan and Neher, 193_ and by Compton

_3_. The latter author noted that loci of constant

intensities correlated better with geomagnetic latitude than

with geographlc. _he inadequacy of the geumagmetic coordinate

system derived from the dipole approximation of the geo-

magnetic field, for a study of the observed spatial distribution

of comnic ray intensities was pointed out by Simpson et al.

_SF, Rose et el. _5_, and Rothwell and Quenby _5_-

Quenby and Webber _95_ devised a new, apprc_Imate

method for estimating vertical cut-off rigidities giving

special attenti_ to the coaflguratlon of the real geo-

magnetic field in the vicinity of the point at which the
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value of the cut-off is desired. The Quenby-Webber locus of

points !roving a maximum value af cut-off at s_ecified

longitudes was in substantial agreement with the observed

locus of points at which _ values of cosmic ray

intensities were observed (the observed "comic ray equator").

Lin and Van Allen _9_ attempted to use the

Quenby-Webber cut-c_'fs at high latitudes to orgmmlze a large

body of E_plorer VII data an the poslticmal dependence of

the intensities of solar cosmic rays. It was fmLu_d that

the loci of constant intensity of arriving solar cosmic rays

were in marked disagreement with loci of comstamt Quenby=

Webber cut-offs. 5cwever, all of the EKplorer VII data in

both hemispheres and at various longitudes were argauized in

a _cherent maturer when plotted against the msgmmtiC shell

parameter L _Ilwaln, 196_. Clear theoretical fom_datiom_

underlie the definltiom of the L parameter as a "good

COOrdinate" far the description of the intensities of

charged particles which are trapped in the geamagnetic field,

at leastup to L ~ 5. But initially, the empirical success

of the L parameter in organizing observatioms of the

intensities of charged particles arriving _ infinity was

understood only on the seml-lntuitive grounds that particles

whose magj_tic risidities are Just above the cut-off value,

for a specified site, approach the earth in the Alfv_ manner
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along a line of force. _e locus of a family of equivalent

lines o_ force is apprax_ately a shell of ccnstaut L.

Recent _tudies by Sauer i_, Ray and Sauer /_9_, and

Ray _9_ have provided am approximate basis of an

essentially rigorous theoretical nature for the use of the

L parsmeter as a "good coordinate" for describing the

arrival of charged particles frc_ infinity.

_esr_hile, improved sets of vertical cut-off rigidities

for the gemmagnetic field have been camputed by Q_=nby and

Wenk _9_ and by a new and qulte different method by

Sauer _. A summary ccmpariscm of the results of the

several methods of ccmputlng cut-off is given by the latter

author.

In the present paper, McIl;m_n's L, cunputed at the

_phic latitude, longitude, and altitude of each

observed datum, has been used as the basic '_sgmetie

latitude" parameter.

The orbital characteristics of Explorer VII are given

bel_r: Perigee altitude--about 550 I_; apogee altitude--about

Ii00 km; incl_tian--50.5@; anomalistic perlod--lOl minutes.

The apparatus consisted of two radiation detectors, a small

umshielded Autcn 302 Geigar tube, and a larger, shielded

Auton 112 Geiger tube. The scaling factors for the counters

were respectively 2048 and 128.
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The i/2 coumtimg rates have been utilized for systematic

studies Qf solar protein evemts /_au Allen amd Ltu, 19605 Ltu

and Van Allen, 19_ and the 302 counting rates for the time

variation_ of the inner and outer radiatic_ zones _orbush,

Venkatesan, and Mcllwain, 1961; Pizzella, Mcllwain, and

Van Allen_ 1962; Forbush, Pizzella, and Venkatesan, 19_.

In the present study counting rates of the 112 tube

have been adopted as primary data. Data fr_n the S02 tube

have beau used oaly for the auxiliary purposes of assessimg

the comtributi_ of trapped particles to the rate of the 112;

of correctlmg the rate of the ]12 when the appropriate

correctiom was small az_ could be made reliably; az_ of

discarding 112 data when the correcti_ was too large to be

made reliably.

The detecti_ thresholds for the 112 tube _an Allen

and Lin s 1960; Ludwig and Whelpley, _ are 30 MeV for

protons I 2.5 MeV for elec_ and 80 keY for x rays

(5% transmission). _e absorbers coverimg over 70% of

solid angle consist of 0.040 g_cm 2 stainless steel,

0.26 of 1.15 of o.i g/ 2of

S_e geametric factor is 7.2 cm2; hence amnidirecticmsl

intensity is obtained by dividing the counting rate by 7.2.

The shielding of the 112 tube removes much of the

trapped radiation. This fact as well as the _ scaling
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factor enables the convenient study of the spatial distrlbu-

ticn of cosmic ray intensity. Most of the data eca_s_c_d

to cases _ere the satellite vas otr_slde the belts of tr_l_

radiation; or vhere reliable correction could be made for the

residuum of trs_ped particles in the manner described 1_

Van Allen and Lin _9_. (Note, ho_er, the exceptions to

this statement in the discussion acccm_ Figure S-)

Data frun the follcvAng receiving statians have been

used: _'Ioanera,Australia; Havall; San Die.go_ Ic_a CityJ and

mosson Point. Whenever overlapping of data occurs, duplicate

data have been rejected. Plots of re_ connting r_te versus

time for each pass are examined first. Fron these plots, c_e

can observe clearly a shax_ rise in counting r_te vhenever

the satellite enters the radiation zcae. _e selection of

data _s based an detecting this point and uslmg all data

point_ belcv it. Far the high latitudes, namely L > 3.03

there a_w instances when the outer zone peak has shifted

to l_rer L values _rbush, Pizzella, and Venkmtesan, 19_I

and the cm_ting rates are lc_ (lessthan 100 counts/sec).

In such cases, it is possible to correct adequately far the

residuum of the saf_er radiation. __Is vas done eater the

procedure of Van Allen and Lln _ and as explained in

detail _y Ltu aua Van Allen _, uslng the slmultaneous_v

observed 302 counting rate, and the linear relationship
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I_ the magnetic shell z_rameter. _ invariant latitude

whic1_ is defined by _ = cos "I L"I/2 and which has the

observed between the 112 and 3C_ counters. _Im paucity o_

data for the higher latitudes results fran discardJj_ those

data which cannot be corrected reliably.

_e counting rates have been plotted as a function o_

nature af a "geomagnetic latitude", has also been shown.

L is measured in units of earth radii.

Figure I gives a plot of L contours at an altitude of

i000 L_, for several selected values of T.. 0_ _he same

d_ ere shown the regi_s _ithi_ which our observations

are obtained.
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GBS_RVATIONAL RESt72S AND D_SCUSSION

In Figure 2, we have plotted the c_ti_ rate of the

112 tube, registered over Wocmera, Australia, as a function

af L. The L values have been computed using the Finch and

_aton _5_ coefficients for the geomagnetic field far the
f

epoch 1955. _he study of the E_plorer I data on the altitude

dependence of tra_ped particle intensity by Yoshida, Ludwig,

and Van Allen _ revealed that the lower boundary of the

inner radiation zone over the lower latitude regio_ over

Australia is at an altitude of abut i_80 kin, as determined

with a similar Gelger tube. Therefore it is clear that at

the _xplorer VII satellite altitudes of 550 to 1100 kin, the

observed counting rate is due dC_Linantly to cosmic rays.

In the region of higher L values corresponding to higher

latitudes, the ccntributio_ due to the trapped particles in

the outer zone was subtracted as explained earlier. The

time t_en far a half cycle (6_ counts) is used to determine

the counting rate for L __ 3.0, and the time taken for a

full cycle (128 counts) is used for L _ 3.0. Data obtained

during Forbush type variations were r_noved by reference to

ground level neutron monitor data throughout the period.

It i_ relevant to recall an example, namely that of a

Forbu_h decrease of about 2_% observed at L _ _.0 by

9
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Explorer VII on Mmrch 31, 1960 in contrast to about i0_,_in

the neutron mom_t_ _ta at Deep River _au Allen and Liu,

i_-_. _ta observed during solar cosmic ray events were

also removed. Except f_ the event of Nowmber 12, 1960,

solar cosmic rays ware not observmd for L _ _.0. The results

of an a_is of the data connected with solar cosmic ray

events and Forbush type decreases of galactic cosmic ray

i  Ity glv Au .

The statistical standard deviati_ of each pl_ted

point In Figure 2 is 13% for L <__ 3.0 and % for L > 3.0.

The majority of the points fall within one standard deviation

from a mean line drawn through the points and hence there is

no discernible time variation in the data. The figure sh_s

a 3.6 fold increase in counting rate from L z 1.2 to

L ~ 2.6 (the latitude dependent part) and a caastamt

counting rate at higher L values (the latitude independent

Figure 3 shows the plot of the data registered over

the four Northern Hemisphere stations : Ha_i; San Diego;

Iowa City;- aud Blossom Point. The distribution _ most of

the points exhibits the same characteristics as do the data

fron Wocmera (Figure 2): viz., an L-dependent (latitude

dependent) part up to L _ 2.6 and a plateau for larger L values.

It is of interest to note that the countimg rate of a 112 tube

I0
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In Ranger I on November 18_ 1961 at an altitude of 192 km

over North America f_ts well within the cluster of points

at L = Anen,

But in addition there are a considerable number of

points which de_ markedly from the _In concentration in the

range L _ 2.2. _he crosses in the graph designate all

points in th_ altitude range i000-II00 _, for L < 3.0.

1"I;is seen that most of the population of wild points are

from data in the altitude range lO00-1100 kin. Nonetheless

there are _ points in this altitude r_ge which lie within

the main concentration of points in a distribution similar

to that of Figure 2.

Yoshida et al. _ observed the lower boundary of the

inner radiation belt in I_8 at altitudes as low as 800 km

over Ibadan_ Nigeria and ii00 to 1200 km over western United

States. Hence the wild points in Figure 3 may be attributed

plausibly to the inter_Littent presence of trapped particles

at the altitudes of the Explorer VII observations. Since

the tral_z_edradiation in the inner b_t is much

penetrating than that at L _ 2.3, the effect of the

differential shieldln_ of the 112 and 302 tubes is insufficient

to m_e it possible to subtract reliably the con_rlbutic_ of

trapped radiatlan to the 112 cou_tlng rate by the technlque

mentioned earlier and applied to d_ta in the lower fringe of
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the outer radiati_ belt. _he data at L _ 2.6 in Figure 3
-"-r"

have _ot been c_-rected in amy way.

_he No_thern Hemisphere data are spread over the

longitude range 17O° E to 65 ° W (cf., Figure I). Since

scalar B _z a given magnetic shell (L = eo_st) at a given

altitude is a fumctio_ af longitude it is first necessary to

examine the data for icmgitude dependence. All of the count-

ing rate data in the altitude range i000 to Ii00 km were

plotted e_st longitude for f_xed values of _ but no

statistically significant dependence on Io_gltude was fcau_d.

Hence we cc_clude that the wild points in Figure 3

are attributable to the intermittent presence of trapped

particles at the altitudes of the observations and thus

represent a feature of the time variati_ of the lo_er fringe

of the inner radlatlc_ belt (cf., Pizzella, McIlwain, and

Van Allen, 19_, and C_rmire, 19_). An attest was made to

investigate the association between geamagnetic starms and

the occurrence of wild points, but the data were insufficient

to establish a_y definite relatienship. In ca_m_ with

previous authors we are unable to propose a detailed

mechanic, far such time variatiens b_r_ it may be noted

(a) that the trapped particle intensity is an extremely

steep function of altitude, and (b) that the 112 tube is a

sensitive detector of very mild intrusions of the inner zc_e

12



by virtue of its large geometric factor and low comic ray

countin_ rate. (_e co_atlng rate af such a tube in the

heart of the inner zone wc_Id exceed 2 x I_ counts/sec.)

Well known general possibilities are the following:

(a) Perturbation of mirror points of trapped particles by

fluctuations in the geumagnetic field, either

adiabatically or _-adiabatically.

(b) Transient heating of the exosphere with acccm_

changes of the rate of out-scattering of trapped

particles.

(c) Impulsive injection of fresh particles fran solar

conic ray events (either via neutrc_ albedo or by

more direct means).

It is clear that Explorer VII observations over Australia are

much less subject to mild perturbations in the lower fringe

of tlm inner zone than are those in the Northern Hemisphere

since the lower boundary of the inner zone is normally

several hundred kil_neters higher over Australia.

The results from the Northern and Southern Hemispheres

are sh_m together in Figure _. All the data from the

Southern Hemisphere have been used (Figure 2) and all data

frum the Narthern Hemisphere at altitudes below i000 _n

(Figure 3) have been used. In each case the average counting

rate of the data within a specified increment of L is

13



plotted at the center of the interval. For L < 2.8, a

uniform Increment _ L = 0.1 was used. _he excellent

agreement between the Southern F_n:[sphere data and the

I_hern He_s1_here data below lO00 km adds _ to the

view that the wild lx_%s in lg4ure 3 arise from the

occasional pre_nce of the lower fr_e of the inner

over the _ru Hemisphere stations in the lO00-1100

range.
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INTERPRETATIVE

_e countin8 rate of the 112 tube is an a_pr_l_e_ely

linear 2Ymction of Lin the range i_ _ L < 2.5o It is

accurately Ind_ent of L for L > 2.9. A straight line

through the experimental points in the re4_e 1.2 ___ L _ 2.5

(Flgure ;4) cuts the hc_zontal line representing the data

for L > 2.9 at L = 2.6. _his point is termed the latitude

'_nee" of the curve and is, of course, the average value for the

eta October 1959 to February 1961. _he ccTz_spo_in6 value

of invariant latitude is 52 °. It is indistinguishably

different for Northern and Southern Hemispheres, as is the

value of the high latitude counting rate.

On the basis of an extensive series of balloon flights

of _Lnnidirectic_ml ionization ch_ubers, Neher _9_ found that

in the period June-December 1958

(a) The ionization was very neexly a s_trleal function

of centsred dipole latitude (exceiJt for a small "Ic_tude

effect") _rAth the minimum value at t_m dipole equator

19 ;
(b) The dipole latitude of the Imee was accurately the

same at northern and southern latitudes and increased

monotonically with increasing altitude within the atmosphere;

15
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(c) _le dipole latitude of the knee at zero _c_ospherlc

depth was estimated to be 55@;

(d) _ The i_zatlcn at the _ of the successive loniza-

tion vs a_nospheric depth curves increased by a factor of

3.05 from the e_uator to the knee; and

(e) There was a slight l_:rease in ionizati_ above the _nee

as o_e approached 90 ° latitude.

0_ the basis of nlue rocket flights of single Geiger

tubes over a wide range of latitudes (75 @ N to 71 ° S

geographic latitudes) Van Allen and Cahill /i_ reported

as follows:

"The total intensity above the atmosphere at far

_amtherly latitudes is the smme within _% as that

at far northerly latitudes. It is about _-S times

as great as that near the equator. The latitude knee

(during the present period of hi_ solar activity

lies at a lower latitude than 50 ° Narth or 50 °

South."

•he results of these two earlier surveys are generally

concordant with the E_plarer VII survey and. it is not clear

whether the discrepancies should be attributed to differences

in tecl_Lique_ to true time variations_ or to the mine of

different coardinate systems. Inamnuch as it is now known

that Y_derived end Quenby-Wenk cut-off rigidities provide

coordinate systems which are superior to the centered dipole
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one, it _rould be of interest to see the data of Neher replotte_

in these systems.

Figure 5, reproduced frun a paper by Lin and Van Allen

_ shows the relatianshIp between L and the vertical

cut-off rigidities _enby and _lenk, 19_. Cunbining this

with Figure 4, we find that the rigidity at L - 2.6, corresponding

to the observed knee, is 2_ BV (units of billion volts or

i_ volts). Thus by reference to Fi_ _ and later discussion

it is concluded that the primary cosmic ray spectrum had less

than B_ of its total intensity in the range of rigidities less

than 2 _ BV duri_ the era of these observations. The

corresponding value of _dnetic energy for a proton is

1.46 :: I_ eV. It has been pointed out _n and Van Allen,

19_ that the vertical cut-off rigidity at high latitudes

(L ~ 5.1) during geunagneticelly quiet times (U, the measure

for the ring current field, being about 50 gan_as) was about

0.24 BV in contrast to 0.56 BV, _thich is the mean of O.53

and 0.60, the values for the Northern and Southern Hemispheres

as e_tinated by Quenby and Wenk. An attempt to explain this

reduction has been made in terms of the cuabined effect of

the boundary of the magnetosphere ( ~ 8-10 earth radii)

end a ring current within the magnetosphere _2asofu, Lin,

and Van Allen, 19_. This effect extends to higher energies

but is probably negligible at rigidities of 2 _ BV.

17
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The_ inte_ ri_Ity-_umber _ectrum of the

absolute amnldirectIcmal intensity Jo is

Jo (> R) = _.SR"°'8S-+o.oz(=z ,ec)-1

fc_' 3 < R< 12 BVamd

(I)

18

for R i<i 1.7 BV. In the above R is the Que_by-Wenk vertical

_-_ _Idi_ _ BVandJoi__ ;_ele_ (=Z _ec)'l.

•Results (i) and (2) may be cm_pared with the earlier#

cruder results of Van Allen and Singer _95_ in the era

1947-195o.

It is well known that the total intensity Jo of charged

particles at points above the atmosphere but belc_ the

radinti_ belts is comprised of three cam_onents of c_arable

magnitude: viz., Jp, due to the primary galactic cosmic

radiatica; JAS' due to upward moving, c_ splash, albedo from

reactions in the atmosphere; and JAR' due to downward

moving, or re-autrant t albedo from reactions in the

atmosphere in the opposite hemisp1_ere _redith, Van Allen,

and Gottlieb, 195_. Cam_arison of the present results Iz[th

the definitive work _ the primary spectrum by McDonald

and Uebber _ shows that the albedo contributioas are

J = 2.o (,=_ sec)"l (_')
o
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z_latlvely _ i_ at lo_er latitudes, as _1@ht be

expected due to the h_e_ average enez_ of the primaries

arriv_ there. _ms e_at_ (I) above _ be rem_

as only an empirical _terlx_tio_ f_ and not as the

spectral distribution of the primary :adiatio_ (at of the

albedo cccE_onents).

An estimate of the contribution of albedo to cur

value Jo = 2,0 partlcles (cm2 sec)"I at _ latitudes can l_e

obtained as follows :

Jo = ÷ JAs+ 'TAR" (3)

At hlgh latitudes where the geomasnetlc cut-off is low and at

an altitude of 1000 km about 70_ of _ _T steradians is

accessible to an omnidirectional detector. Hence

Jp = 0.7_iP (_)

where JIP is the omnidirectional intensity of galactic cosnlc

rays in iuterp1anetary space re=ore fran the earth. Van Allen

March 1959. _us

and

#_ = z_6 _rticZ=_ (c=_ se_)"z (_)

JAS + JAR = 0"71# p_A_icles (csn2 see) -1 = 0.59 Jp. (6)

-19
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Figure 6 gives contours for several selected values of

the vertical cut-off rigidity computed by Quauby and Wenk

and co,tours for several selected values of the magnetic shell

param@ter L. There are re_ions where the two curves run

parallel, showin_ a single valued relationship between the

tWO quantities. This situation is present to a considerable

degree in the re_l_ within which oar data are registered.

_he cosmic ray eq_f_r given lu the s_e diagram is

the Qu_nby-Wenk locus c_ maximum rigidity. It can be seen that

the observatlo_al m_n_ma of cosmic ray imtensity fit it rather

well. It should be recked that a similar cosmic ray equator

obtained fram the ccmputatioas of _uenby and Webber agrees

equally _rell with the cosmic ray minima. But P_nerantz and

Aga_i _ have pointed out fran plots of intensity

versus rigidity, for both the Quenby and Webber and Quenby

and Uenh cases, that the latter shows less scatter and hence

is an improvememt over the former.

Tt is of interest to investigate the time variatlan of

the observed counting rates during the period of study. The

monthly mean counting rates centered on L values 1.15 to

1.95 in steps of O.i are shown in Figure 7. The limited

amount of data avadlable for the higher L values prevents

us fr_ obtaining satisfactory monthly means. We have there-

fore divided all of the data for L _ 3.0 into four groups,

2O



havin C equal statistical weight. _m mean counting rates for

the four periods are plotted in Figure 7 and are also given

belc_z.

_ Period Counts sec

I Oct. 13, 1959 to Jan. 6, 1960 i_.06 + 0.45

II Jan. 7, 1960 to Mar. 29, 1960 1_._+

Ill Mar. 30, 1960 to Aug. 9, 1960 14.21

IV Aug. 10, 1960 to Feb. 17, 1961 14.71

E_ch group consists of about seventy points. I_ta obtained

during Farbush decreases and solar proton events have been

excluded. Hence the counting rates provide a good measure of

the sun of the intensities of pr_ galactic cosmic rays

and of their charged particle albedo from the atmosphere.

_m data up to L = 2.0 probably do not reveal any

systematic long term change over the whole period on a one

standard deviation (S.D.) basis, and certainly not oa a

2 S.D. basis.

For L > 3.0, the mean counting rate for the entire

period is 14.35 + 0.22 counts (sec) °I and no cme of the

four individual values differs from the mean by as much as

one standard deviation. The ratio of the final value to the

initial value is i.O_6 + 0.045. Hence there is a barely
em

significant increase in counting rate during the 16 month

21
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period of observati_. The monthly mean counting rate o_ the

Ott_, Canada neutr_ monitor increased by 2._% _ October

1959 to December 1960, whereas a total change of this rate

of ~ 23_ has been reported f_ a full solar cycle.
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OF RESULTS

Using a shielded Geiger tube in the Explorer VII

satellite there has been conducted a cumprehensive geographic

survey of the intensity of charged particles in the latitude

ra_e + 50.5 o, in the altitude range 550 to Ii00 kin, and

over the sixteen mc_th time period October 13, 1959 to

February 17, 1961. It has been found possible to identify

and el_ninate contributians by gecmagnetically trapped

particles and thus to obtain the absolute intensity of primary

galactic cosmic rays and their char_ed particle secondaries

(albedo) produced in the a_mosphere. Specific results are as

follows :

(a) The counting rate data from both Northern and Southern

Hemispheres and over a considerable range of longitudes are

represented in a simple and coherent manner as a function of a

sin_e l_/8meter, the Mcllwain magnetic shell parameter L.

(b) The counting rate Increase_ monotonically with increas-

ing L and has an accurately constant value for L > 2.9.

(c) The high latitude knee of the counting rate vs L curve

occurs at L = 2.6 (corresponding to the invariant latitude 52 o)

and is indiscernibly different in the Northern and Southern

Hemispheres.

23



z_

(d) The absolute c_-n_d_ectional intensity is

0.56 (=_ 8_) "z at thee_ator_ 2.0 (=,2 ,,ec)-z at _ch

latitudes, the ratio bei_ 3.6.

(e) At high latitudes, the intensity increases by the factor

1.O46 + 0.045 during the sixteen month period.

(f) In terms of the Quenby-Wenk vertical cut-off rigidity

R in BV_ the totel _n_idirectio_l intensity

Jo ( > R) = _.3_-O.S3_+0.o2(_ sec)'Z_= 3 < _ < Z2 _V

a_a J - 2.0 (cmz sec)"I for a _ z.7 By.
o
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Fi_Are

Figure

F ure

Fi_e

I. Several selected contours of constant L at I000 km

_Ititude computed using Mcllwain's program for B and L

(private ccmmunication, 1962), and the ap_te

regions over which the E_olorer VII data were

registered (shown as shaded regions). L is measured

in earth radii. The coordinates of the graph are

geographic lo_gitude and latitude.

2. 0bserved counting rates registered over _c_era,

Australia, as a functiom of L, the magnetic shell

parameter. 93_e statistical standard deviation of each

plotted point is 13% for L _ 3.0 and 9% for

L 1> 3.0.

3. Observed counting rates registered in the Northern

Hemisphere, other details as in Figure 2.

4. Dependence of average countlz_ rates on L_ far

Northern and Southern Hemispheres (derived from

2 3). (See

5. Relation between cut-oil rigidity R and magnetic

shell parameter L (reproduced from paper by Lin and

Van Allen, X963).

6. Solid Curves--Contours of constant L in earth

radii.

Dashed Curves--Contours of constant vertical cut-

off rigidity in BV _enby and Wenk, 19_J.

Dot-Dash Curve--Locus of points of max_ cut-

rigidity (cosmic ray equator).

Dotted Curve--Locus of points of minlm_ L.
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FIGURE CAPTIONS (continued)

(c_t 6. _sarved minima of co_ic ray intensities.)
m (CaXpton et al., 1937)

+ (_ et al., z9%)

0 (Pomera_tz et aS.., 1958)

( ) (_erantzet az., I_o)
x (Se_do et al., 19_3 )

• (_o_eXX et az.,z958)

4b (Eaez et al., 1958)

V (Storey, 1959)

Figure 7. Counting rates in various rs_ges of L versus time.
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